Abstract-In order to remain productive and efficient in today's global competition, mass customization is adopted in many leading companies. Mass customization through product family and product platform enables global enterprise to develop new products with flexibility, efficiency and quick responsiveness. Thus, product family is well suited to satisfy the mass customization. Product family is defined as a group of related products that share common features, components, and subsystems; and satisfy a variety of market niches. The purpose of this paper is to propose a product family design architecture that satisfies customer requirements with minimal efforts. The decision making process for a new product development requires a multiple criteria decision making technique with feedback. An analytical network process (ANP) is adopted for this purpose. An example product is chosen and product family is derived based on the proposed architecture
INTRODUCTION
In order to develop a new product with flexibility, efficiency and quick responsiveness, mass customization through product family modeling is highly required. As products become more complex, short-life cycled and customized, the design efforts require more knowledgeintensive, collaborative, coordinating, and information sharing. By sharing knowledge, information, component and process across different families of products, the product realization process will be more efficient, cost-effective and quickresponsive (Martin and Ishii, 2002) .
Product family is defined as a group of related products that share common features, components, and subsystems; and satisfy a variety of market niches (Simpson et al., 2001) . A Product family comprises a set of variables, features or components that remain constant from product to product (product platform), and others that vary from product to product. Product platform is the set of parameters (common parameters), features, and/or components that remain constant from product to product, within a given product family.
Quality Function Deployment (QFD) has been widely adopted to find Customer Requirements (CRs) and transform it into product component or engineering characteristics. QFD employs a cross-functional team to determine CRs and translate them into product design through a structured and well documented framework.
AHP (Analytic Hierarchy Process) has been widely adopted to solve an MCDM problem. However, independence is assumed among the decision attributes in the hierarchy. Saaty proposed an ANP (Analytic Network Process) as a more general form of AHP (Saaty, 2001; 2005 ). An ANP incorporates feedback and interdependent relationships among decision attributes and alternatives.
The purpose of this paper is to propose a integrated method for product family modeling based on ANP and QFD. A thorough implementation has been performed to validate the methodology using a real product family.
II. LITERATURE REVIEW
The basic assumption of AHP is the condition of functional independence of the upper part, or cluster, of the hierarchy, from all its lower parts, and from the criteria or items in each level. Saaty suggested the use of AHP to solve the problem of independence among alternatives or criteria, and the use of ANP to solve the problem of dependence among alternatives or criteria.
The structural difference between AHP and ANP is illustrated in Figure 1 . A hierarchy has a goal or a source node or cluster. It also has a sink node or cluster representing the alternatives of the decision. Unlike a hierarchy, a network spread out in all directions and its clusters of elements are not arranged in a particular order. Nodes of the network represent components of the system; arcs denote interaction between them, where the directions of arcs signify directional Assume that there is a system of m clusters or components, where the elements in each component interact or have an impact on the other elements. The component h, denoted by C h , h = 1,…,m, has n h elements, that are represented by e h1 , e h2 , …, e hmh . A priority vector derived from paired comparisons in a usual way represents the impacts of a given set of elements in a component on another element in the system. When an element has no influence on another element, its influence priority is assigned as zero. A supermatrix is composed of the priority vectors derived from pairwise comparison matrices. An example of supermatrix is shown in Figure 2 . The components C h alongside the supermatrix include all the priority vectors derived for nodes that are parent nodes in the C h cluster. (Saaty, 2005) In earlier research, AHP has been used to determine the degree of importance of the customer needs (Park and Kim, 1998) . Karsak, Sozer and Alptekin (2002) proposed ANP and Goal Programming (GP) model for product planning in QFD. They adopted a zero-one GP methodology that includes importance level of product requirements derived from the ANP. Liu and Hsiao (2006) integrated ANP and Goal Programming (GP) model for product variety design. They tried to optimize product family architecture by balancing customer needs and budgetary constraints based on GP.
III. PROBLEM DEFINITION
This research aims at developing a product family modeling to satisfy various customer requirements. As a problem domain, netbooks are chosen. Netbooks are smaller notebooks optimized for low weight and low cost. Netbooks are a branch of subnotebooks, sometimes also called mini notebooks or ultraportables. They are a rapidly evolving category of small, light and inexpensive laptop computers suited for general computing and accessing web-based applications. Netbooks omitted certain features (e.g., the optical drive), featured smaller screens and keyboards, and offered reduced specification and computing power. Over the course of their evolution, netbooks have ranged in size from below 5" screen diagonal to over 10.1", and from ~1 kg (2-3 pounds). The product specification of nine netbook products is given in Table IX .
In order to understand the product structure, a netbook is disassembled. Components of typical netbook product are given in Figure 3 , and name of each component is provided in Table I . Market segmentation is an efficient method to be useful in product family design. A market segment is a sub-set of a market made up of people or organizations sharing one or more characteristics that cause them to demand similar product and/or services based on qualities of those products such as price or function. Three product families are assumed from low to high in performance and user group. The market segment and the positioning of three product families are given in Table II.   TABLE II. MARKET SEGMENT AND PRODUCT FAMILY
The best way to sell a new product is to know your customers. As netbook is an innovative product with fast changing features and short-life, the customer requirements have been surveyed and analyzed in the market segment. The customer needs and market positioning is given in Table III . A new methodology is proposed composed of QFD and ANP to transform CRs into product components and to find the priority of components for each PFs. The transformation of customer requirement into product component is implemented using QFD. Figure 4 represents the structure of QFD. Product family design problem can be represented as a hierarchical structure composed of goal, customer requirement and components. If interdependence among criteria is assumed, it can be represented as ANP model. Figure 5(a) shows an ANP model with dependence among criteria (customer requirements and components). w 21 represents relative importance weight of customer requirements to satisfy each market goal. w 22 corresponds to the interdependence of customer requirements themselves. w 32 means the influence of customer requirements into components. w 33 corresponds to the interdependence of components themselves. This structure can be represented as a supermatrix as shown in Figure 5 (b). The proposed model is implemented using the example problem of netbooks shown in Section II. The process is as the following.
Step 1. Calculate relative importance of customer requirements (w 21 ).
Assuming there is no interdependence among the CRs, eigenvector for the CRs is obtained by pairwise comparisons with regard to the market goal. Here, market is set up as three kinds of product families as Figure 6 . Step 2. Calculate the inner dependence of CRs (w 22 ).
Among the customer requirements, there is inner dependence. Based on pairwise comparison by domain expert, eigenvectors can be acquired. Each column represents impact degree of each CR to other CRs. For example, the 4 th column indicates that battery capacity (BC) has impact value of 0.29 on portability (PO) and technical spec (TS) with impact 0.14. Step 3. Transform the CRs into the product component (w 32 ). In this step, the CRs are transformed into product component by pairwise comparison using AHP. Table V shows the relative weights of "Portability" requirement with regard to product components. After we find all relative importance for all CRs, the transformation matrix is generated as Table VI.   TABLE VI. COLUMN Step 4. Calculate component inner dependence (w 33 ) Within a product, two components are dependent when a small change in one component influences to another component. They may be loosely or tightly coupled. Figure 7 shows inner dependent diagram among components. Arrow represents design constraint from one component to another. For the product family design, the coupling relationship should be considered. Step 5. The final result shows the priority weight in each product family group. For the PF1, main board, monitor and battery have the highest priority. In the PF2, battery, monitor and main board has the highest one. In the PF3, monitor, RAM and main board are top ranked.
VI. CONCLUSIONS
In this research, a methodology to design product family using ANP and QFD is presented and a thorough implementation is followed. After the customer requirements are identified, they are positioned in the different market segments which are modeled as three PFs. The proposed method is implemented for a product family of netbooks.
Further research directions are as follows. First, model sensitivity should be tested and verified. Pairwise comparison is highly dependent on the person who evaluates the attributes. Second, feedback loop is required to compare CRs and the priority weights in each component. 
